Diabetes mellitus is an endocrinological disorder arising from insulin deficiency or due to ineffectiveness of the insulin produced by the body. This results in high blood glucose and with time, to neurological, cardiovascular, retinal and renal complications. It is a debilitating disease and affects the population of every country of the world. Around 200 million people of the world suffer from this disease and this figure is projected to rise to 300 million in the coming years. The disease cannot be cured with allopathic medicine as the drugs used do not restore normal glucose homeostasis and moreover have side-effects. On the other hand, traditional medicinal practitioners of various countries claim to cure diabetes or at least alleviate the major symptoms and progression of this disease through administration of medicinal plants. The Garos are an indigenous community of Bangladesh, who still follow their traditional medicinal practices. Their traditional medicinal formulations contain a number of plants, which they claim to be active antidiabetic agents. Since observation of indigenous practices have led to discovery of many modern drugs, it was the objective of the present study to conduct a survey among the Marakh sect of the Garos residing in Mymensingh district of Bangladesh to find out the medicinal plants that they use for treatment of diabetes. It was found that the tribal practitioners of the Marakh sect of the Garos use twelve medicinal plants for treatment of diabetes. These plants were 
Introduction
Diabetes mellitus is a common endocrinological disorder which has reached epidemic proportions among the human population of every country of the world. Around 200 million people of the world are currently suffering from diabetes and the figure is projected to rise to 300 million within 2025 by the World Health Organization. The disease is caused by the inability of pancreas to produce insulin or inability of the body metabolic system to properly use the insulin produced. The causes of this disease are not known; however, it is suspected that occurrences of the disease may result from increased number of elderly people, change in food habits, obesity, and adoption of a sedentary lifestyle. Because the human body cannot properly metabolize sugar when during diabetes, the first symptom of the disease is an increase in blood glucose or hyperglycemia. The impaired metabolism of sugar and other dietary substances like lipids and proteins soon leads to disorders affecting almost all vital organs of the body. In fact, diabetic patients are extremely prone to develop neurological, cardiovascular, retinal and renal complications leading to premature death, which to a lot of extent may be due to diabetes-induced oxidative damages.
Allopathic medicine has no known total cure for this disease, but merely alleviates one or more symptoms, which may lead to delay of development of other complicating factors arising out of the disease. The currently available therapies include regular injection of insulin (which is costly and disliked by most patients), or administration of oral antidiabetic drugs like sulfonylureas, biguanides, -glucosidase inhibitors, and glinides (which may have moderate to serious side-effects) (Nahar, 1993) . As a result, there is an intensive interest in the scientific and medical communities for discovery of more efficacious antidiabetic drugs. This interest has focused on the plant kingdom and on traditional medicinal practices, for as has been noted that many modern drugs have been discovered from plants through observation of medicinal practices of indigenous peoples (Balick and Cox, 1996; Gilani and Rahman, 2005) . Antidiabetic agents from medicinal plants have been reviewed by Jung et al., (2006) .
Bangladesh has a number of indigenous communities or tribes who still rely on their traditional medicinal practitioners for treatment of a diverse variety of ailments. Medicinal plants have throughout centuries formed the mainstay of these tribal practitioners for treatment. Since diabetes affects also the tribal peoples and is recognized as a disease by the practitioners, they use a variety of medicinal plants for treatment of this disease, and claim to completely cure or at least alleviate major symptoms of the disease through administration of medicinal plants. We have previously reported that one of the major tribes of Bangladesh, namely the Santals, have medicinal plants for treatment of diabetes .
The Garos are an indigenous community residing in the forested regions of the north central districts of Bangladesh. Although in recent years their lifestyle is undergoing drastic changes because of the advent of missionaries and other external factors, to a certain extent they still maintain their indigenous culture, which include language, rituals, and traditional medicinal practices. Since they live in forested regions, since ancient times, their practitioners have developed familiarity and knowledge of medicinal plants found in the vicinity of their forest habitats. The Garos refer to themselves as Mandi or Aa'chik and are divided into four sects -Sangma, Marakh, Momin, and Chatchi. As their traditional medicinal practices and formulations attract even the mainstream population of surrounding villages (who has access to modern allopathic medicine), we decided to conduct an ethnomedicinal survey among the tribal medicinal practitioners of the Marakh sect of the Garo tribe residing in two villages of Mymensingh district, Bangladesh to document their use of medicinal plants for treatment of diabetes. Notably, diabetes is nearing endemic proportions among the population of Bangladesh because of lifestyle changes induced by modernization with consequently developed habits of a carbohydrate-rich diet and sedentary living habits.
Materials and Methods
The present study was conducted among the tribal medicinal practitioners of the Marakh sect of the Garo tribe-inhabited two villages of Kal Shindu and Monca Para, Dhuba Ura sub-district in Mymensingh district, Bangladesh. The two villages had two traditional practitioners, namely Biresh Marakh Chamukug and Shatish. Both practitioners practiced only Garo traditional medicine based on formulations prepared from medicinal plants. It was initially ascertained that both practitioners recognized diabetes and treated the disease. Diabetes was recognized not on the basis of modern diagnostic procedures. The disease was recognized instead by the appearance of several symptoms like shortness of breath, and frequent thirsts accompanied by frequent urination. The disease was also diagnosed through smelling and tasting the urine of possible patients; the urine of diabetic patients should smell and taste sweet. On occasions, the practitioners would ask the patients to urinate nearby the nest of ants. If a large number of ants hovered around and on the place of urination after the urine has soaked into the soil, then it was decided that the urine had a sweet taste.
Informed consent was initially obtained from both practitioners. The practitioners were mentioned in detail about the purpose of our visit, and consent obtained to disseminate the information both nationally and internationally. Both practitioners, besides speaking the Garo language also were fluent in Bengali, the language spoken by the interviewers. Interviews were conducted with the help of a semi-structured questionnaire and the guided field-walk method of Martin (1995) and Maundu (1995) . In this method, the practitioners took the interviewers on guided field-walks through places from where they collected their medicinal plants, pointed out the plants used for treatment of diabetes, and described the formulations and dosages. Plant specimens as pointed by the practitioners were collected from the spot, photographed, dried, and brought to Dhaka for identification. Plant identification was done by Mr. Manjurul Kadir Mia, ex-Curator and Principal Scientific Officer of the Bangladesh National Herbarium at Dhaka.
Results and Discussion
It was observed that the two practitioners used twelve plants for treatment of diabetes. The plants were distributed into ten families. The twelve plants were Lannea coromandelica, Alstonia scholaris, Catharanthus roseus, Enhydra fluctuans, Terminalia chebula, Coccinia grandis, Momordica charantia, Cuscuta reflexa, Phyllanthus emblica, Syzygium aqueum, Drynaria quercifolia, and Clerodendrum viscosum. The results are shown in Table 1 .
The practitioners were observed to use only plant parts in their formulations. Whole plants were not used at all. The various plant parts used were leaves, barks, roots, stems and fruits. Leaves and fruits formed the major plant parts used. Plant parts were usually used singly. However, in two instances, two plant parts from the same plant were combined in the formulation administered. Juice obtained from a crushed mixture of leaves and stems of E. fluctuans was used in one formulation, while juice obtained from a crushed mixture of leaves and roots of C. grandis was used in another formulation. In some instances, it was observed that two different plant parts may be used but not used in combination or administered at the same time. For instance, the bark or the root of L. coromandelica was used in one formulation. Similarly, diabetic patients were advised to partake of juice obtained from leaves of M. charantia or P. emblica in the morning and further advised to eat the fruits in the raw form (Phyllanthus emblica) or in the cooked form (M. charantia) at later times in the day. In all cases except one, a single plant was used for any single formulation. The exception was in the case of C. roseus whose leaves were used in combination with leaves of C. viscosum for diabetes treatment.
A review of the existing scientific literature indicated that all the plants used for treatment of diabetes by the Garo practitioners are validated in their uses, based on reported relevant bio-activity. In oral glucose tolerance test, antihyperglycemic activity has been observed with leaves and stems of L. coromandelica in mice (Mannan et al., 2010) . It is to be noted that either barks or roots of this plant was observed to be used by the Garo practitioners for treatment of diabetes. Antidiabetic and antihyperlipidemic effect of A. scholaris bark has been reported in streptozotocin (STZ)-diabetic rats (Bandawane et al., 2011) . The antioxidant potential of crude extracts of E. fluctuans has been confirmed using different in vitro antioxidant models. 
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Additionally, polyphenolic compounds, which have been shown in various assays to have free radical scavenging activity has been reported from this plant (Sannigrahi et al., 2010) . Since free radicals are linked with various diseases including diabetes and cardiovascular disorders, free radical scavenging and antioxidant activities can play a major role in ameliorating the progression of diabetes-induced complications.
Leaf extract of C. roseus reportedly lowered blood sugar in STZ-diabetic rats (Chattopadhyay, 1999) . Hypoglycemic activity has also been reported for dichloromethane-methanol extract of stems and twigs of the plant in STZ-diabetic rats (Singh et al., 2001 ). The extract reportedly improved enzymic activities of glycogen synthase, glucose 6-phosphate dehydrogenase, succinate dehydrogenase and malate dehydrogenase in liver of diabetic animals. Juice of fresh leaves of the plant was observed to reduce blood glucose in normal and alloxan diabetic rabbits (Nammi et al., 2003) . Extract of the plant also stimulated glucose utilization in hepatocytes (van de Venter et al., 2008). Ethanolic extract of the plant lowered blood glucose levels in oral glucose tolerance tests in glucose induced hyperglycemic rats (Islam et al., 2009 ). Antihyperglycemic activity has been reported following administration of leaf powder in STZ-diabetic rats (Rasineni et al., 2010) . Inhibition of aldose reductase (a key enzyme in cataractogenesis) as well as free radical scavenging activity was reported for the plant extract, suggesting that administration of the extract can delay diabetes-induced cataract formation (Gacche and Dhole, 2011) .
The chloroform extract of T. chebula has been shown to demonstrate antidiabetic and renoprotective effects in STZdiabetic rats (Rao and Nammi, 2006) . Aqueous extract of fruits, when administered daily once for 2 months showed reversals of elevated blood glucose, glycosylated hemoglobin (HbA1c), and lipids as well as decreased serum insulin levels in STZ-diabetic rats, indicating the potential of fruits in treatment of diabetes (Murali et al., 2007) . Methanolic extract containing 2.7% chebulic acid prevented formation of advanced glycation end products and endothelial cell dysfunction, which strongly indicates that the extract may be of potential use in alleviating diabetes-related complications (Lee et al., 2011) . The antioxidant effect of leaves of C. grandis (another plant part used by the Garo practitioners for treatment of diabetes) has been shown in vitro, which has been attributed to presence of phenolic and flavonoid compounds in leaf extracts (Umamaheswari and Chatterjee, 2007) .
Cucurbitane triterpenoids, isolated from M. charantia, reportedly stimulated GLUT4 translocation to cell membrane, an essential step for glucose entry into cells. They also increased activity of AMP-activated protein kinase, which plays a key role in mediating glucose uptake and fatty acid oxidation. Moreover, they enhanced glucose disposal in glucose tolerance tests in both insulin-sensitive and insulin-resistant mice, and displayed insulin secretion activity. Taken together, the results indicate a therapeutic value of these compounds for diabetes and obesity (Tan et al., 2008; Ma et al., 2010) . A saponin fraction isolated from fruits reportedly showed hypoglycemic activity in alloxan diabetic mice (Han et al., 2008) . Administration of alcoholic extract of whole fruit powder to alloxan diabetic albino rats has been shown to result in decreases in blood sugar and improvements in the islets of Langerhans (Singh et al., 2008) . Administration of fruit extract to sucrose-loaded alloxan diabetic rats normalized glucose levels and reduced triglyceride and low-density lipoprotein levels while increasing high-density lipoprotein levels and prevented oxidative stress, indicating a beneficial effect both on diabetes and reduced chances of diabetes leading to cardiovascular disorders (Chaturvedi and George, 2010) . Antidiabetic effect of fruit extract has also been reported for insulin-resistant db/db mice (Klomann et al., 2010) . Lyophilized fruit juice reportedly showed neuroprotective effect in global cerebral ischemia and reperfusion induced neuronal injury in diabetic mice (Malik et al., 2011) . Fruit extract has further been shown (when administered to STZ-induced neonatal diabetic rats) to reduce blood glucose level, increase serum insulin level, and both alleviated pancreatic damage and increased the number of -cells in pancreas (Abdollahi et al., 2011) . That administration of extract of fruits of M. charantia can positively modulate pancreatic -cells through increasing size, area and number, as well as decrease serum glucose and increase serum insulin concentrations has been corroborated in another study on neonatal STZdiabetic rats (Hafizur et al., 2011) . The reported scientific results validate the use of M. charantia leaves and fruits for treatment of diabetes by the Garo medicinal practitioners.
The stems of C. reflexa have also been reported to have hypoglycemic properties (Rahmatullah et al., 2009 ). The leaves and fruits of P. emblica were used by the Garo practitioners as anitidiabetic treatment. Pericarp of fruits of the plant and enriched tannoid fraction has been shown to delay STZ-induced diabetic cataract in rats (Suryanarayana et al., 2007) . Fruit extract has been shown to have free radical scavenging activity and antioxidant potential. Fruit extract also inhibited -amylase and -glucosidase, two key enzymes linked to type 2 diabetes (Nampoothiri et al., 2011). S. aqueum has no reported antihyperglycemic activity. However, antihyperglycemic flavonoids have been reported from a related plant, Syzygium samarangense Taken together, practically all the medicinal plants or plant parts used by the Garo practitioners for treatment of diabetes can be validated in their traditional uses directly through scientific evidence of their antidiabetic properties or their antioxidant properties, the latter having a beneficial effect in ameliorating diabetes-induced various complications affecting other organs of the body. Type 2 diabetes has been reported to lead to increased production of free radicals and a probable reduction in plasma antioxidants; under such circumstances antioxidants or free radical scavengers may not only be beneficial but also play a major role in even reversal of diabetes-induced damages (Illison et al., 2011; Gorąca et al., 2011) . As such, the antidiabetic medicinal plants of the Garo tribal practitioners warrant detailed scientific studies in the search for newer and more efficacious antidiabetic drugs. Particularly promising are plants like C. roseus, T. chebula, M. charantia, and P. emblica.
